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(57) A system for recording AVS data (Audio Video 
and Subcode data) onto a magnetic tape that contains 
previously recorded data. When performing an AVS in- 
sertion according to the invention, the ITI (Insert and 
Track Information) portion of the previously recorded da- 
ta is preserved while the AVS portion of the previously 
recorded data is overwritten. In order to match the frame 
phase of the old ITI data with the frame phase of the 



new AVS data the leading edge of a head switching sig- 
nal is monitored. By counting the number of occurrences 
of the leading edge of the head switching signal, cuing 
the insertion of the new AVS data to the count, and re- 
setting the count upon the occurrence of a frame change 
in the previously recorded data, the new AVS data and 
the previously recorded ITI data are frame synchro- 
nized. 



Fig. 5 
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Description 

This invention relates to digital video recording ap- 
paratus and methods. 

it is well known in the audio/video arts that AVS (Au- s 
dio Video and Subcode) data may be recorded onto 
magnetic tape for reproduction at a later time. A typical 
recording/reproducing apparatus implements a helical 
scanning method in which the AVS data is recorded in 
tracks that are obliquely formed on the magnetic tape 10 
by rotary heads. Fig. 1 illustrates the formation of helical 
tracks on a magnetic tape. As seen in the figure, the 
tracks are formed so that each track overlaps with its 
neighboring tracks. In an NTSC compatible recording, 
a video frame is recorded in ten tracks. In a PAL com- 
patible recording, a video frame is recorded in twelve 
tracks. The recording shown in Fig. 1 is a NTSC com- 
patible recording, with shading provided to identify indi- 
vidual frames. The tracks within each frame are num- 
bered sequentially from 0 to 9. 20 

Fig. 2 shows the format of an individual track. The 
left side of the track is the head entrance side and the 
right side is the head exit side. The track includes an ITI 
(Insert and Track Information) area, an audio data area, 
a video data area, and a subcode area. I ntcrspcrsed be- 25 
tween these areas are IBGs (Inter Block Gaps), in which 
no data is recorded. The audio data, video data, and 
subcode data are collectively referred to as AVS data. 
The ITI area contains administrative information about 
the track, for example information about the track's size, 30 
or information about the frame in which the track be- 
longs. 

There are many applications for a system of the 
foregoing type. One such application is the editing of a 
previously recorded tape. Often, when editing a previ- 35 
ously recorded tape, it is desirable to overwrite the AVS 
portion of previously recorded tracks without disturbing 
the ITI portion of those tracks. Track overwriting of this 
kind is hereinafter referred to as "AVS insertion". 

In order to successfully perform an AVS insertion, 40 
it is necessary to match the phase of the frame for the 
original AVS data (hereinafter "the background data") to 
the phase of the frame for the new AVS data. The phase 
of the frame for the original AVS data may be obtained 
from the data itself, however this presents a problem 45 
since the original data is overwritten during the insertion. 
Often, this problem is addressed by including one or 
more pre-reading heads in the system for the purpose 
of reading the original track(s) and determining the 
phase of the background frame prior to overwriting. The so 
problem with the pre-reading method is that it cannot 
correct for deviations of frame phase that might occur 
during the insertion. 

Figs. 3A and 3B illustrate one type of frame phase 
deviation that may occur during an AVS insertion per- ss 
formed according to the pre-reading method. Fig. 3A 
shows an original NTSC recording that contains a dis- 
continuity at the point indicated by the asterisk. As can 
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be seen from the figure, the original recording includes 
an incomplete frame that has only 6 tracks instead of 
the usual 10. When the pre-reading method is used to 
write over the recording of Fig. 3A, the recording of Fig. 
3B results. The deviation apparent in Fig. 3B is caused 
by the inability of the pre-reading heads to recognize the 
discontinuity in the original recording. As the insertion 
is performed the pre-reading heads reach the Oth track 
of the incomplete original frame and determine the 
frame phase from the information in that track. The 
tracks of the new frame are then sequentially written 
over the tracks of the original frame without regard to 
the discontinuity. Thereby resulting in an incorrect 
matching of the new AVS data and old ITI data. 

Figs. 4 A and 4B illustrate a second type or frame 
phase deviation that may occur during an AVS insertion 
performed according to the pre-reading method. Unlike 
the tracks in Fig. 3A, the tracks in Fig. 4A are correctly 
formed in accordance with the NTSC system. In this 
second illustration the frame phase deviation is caused 
when the system's servo is disturbed during the AVS in- 
sertion. For example, the servo may experience a me- 
chanical shock during insertion. As can be seen from 
Fig. 4B, such a disturbance results in incorrect place- 
ment of the newly written tracks, and therefore gives rise 
to a frame phase deviation. 

Various respective aspects of the invention are de- 
fined in the appended claims. 

Embodiments of the invention can provide a data 
recording apparatus and a data recording method that 
can detect frame phase deviations which might occur 
during an AVS insertion and that can correct such devi- 
ations. 

When performing an AVS insertion according to em- 
bodiments of the invention, the ITI portion of the previ- 
ously recorded data is preserved while the AVS portion 
of the previously recorded data is overwritten. In order 
to match the frame phase of the old ITI data with the 
frame phase of the new AVS data the leading edge of a 
head switching signal is monitored. By observing the oc- 
currence of a frame changes in the previously recorded 
data, and cuing the insertion of new AVS to the detected 
frame changes, new AVS data and the previously re- 
corded ITI data are frame synchronized. 

The invention will now be described by way of ex- 
ample with reference to the accompanying drawings, 
throughout which like parts are referred to by like refer- 
ences, and in which: 

Fig. 1 illustrates the formation of helical tracks on a 
magnetic tape. 

Fig. 2 shows the format of an individual helical track. 

Figs. 3A and 3B illustrate one type of frame phase 
deviation that may occur during an AVS insertion per- 
formed according to the pre-reading method. 

Figs. 4A and 4B illustrate a second type of frame 
phase deviation that may occur during an AVS insertion 
performed according to the pre-reading method 

Fig. 5 is a schematic diagram of a recording/repro- 
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ducing unit of a VCR in accordance with the invention. 

Fig. 6 shows an example of a relationship between 
helical tracks and ATF pilot signals. 

Figs. 7A to 7C show the frequency content of three 
types of ATF pilot signals. 

Fig. 8A illustrates the trace of two helical tracks, one 
by each head of a VCR. 

Fig. 8B illustrates a series of traces made by two 
heads of a VCR in accordance with the NTSC standard. 

Fig. 8C illustrates the assignment of PF values to 
the traces of Fig. 8B. 

Fig. 8D shows the PF data signal generated accord- 
ing to the PF assignments of Fig. 8C, along with an in- 
ternal head switching count maintained by the micro- 
computer according to a first embodiment of the inven- 
tion. 

Fig. 8E illustrates the timing of an insertion write op- 
eration according to a first embodiment of the invention. 

Figs. 9A-9D repeat what is shown in Figs. 8A-8D. 

Fig. 9E illustrates the liming of an insertion write op- 
eration according to a modified first embodiment of the 
invention. 

Fig. 10 shows schematically how a microcomputer 
controls the speed of a VCR's capstan motor according 
to the invention. 

Fig. 1 1 is a flowchart depicting the steps taken in 
computing a frame phase correction signal according to 
a modified first embodiment of the invention. 

Fig. 12A illustrates the trace of two helical tracks, 
one by each head of a VCR. 

Fig. 12B illustrates a series of traces made by two 
heads of a VCR in accordance with the PAL standard. 

Fig. 12C shows the assignment of pilot signal fre- 
quencies to the tracks of Fig 12B. 

Fig. 12D is representative of an internal head 
switching count maintained by the microcomputer ac- 
cording to a second embodiment of the invention. 

Fig. 12E illustrates the timing of an insertion write 
operation according to a second embodiment of the in- 
vention. 

Figs. 13A-13C repeat what is shown in Figs. 12A- 
12C. 

Fig. 13D illustrates the timing of an insertion write 
operation according to a modified second embodiment 
of the invention. 

Fig. 14 is a flowchart depicting the steps taken in 
computing a frame phase correction signal according a 
modified second embodiment of the invention. 

Two preferred embodiments will be described here- 
in below; however, it will be appreciated that the present 
invention is not to be limited solely to these embodi- 
ments, and other embodiments and examples of the in- 
stant invention arc intended to be encompassed by the 
attached claims. The first embodiment described is di- 
rected to NTSC compatible systems. The second em- 
bodiment is directed primarily toward PAL compatible 
systems, although it may be used in NTSC systems as 
well. For each of the described embodiments two vari- 



ants are described. In the first variant of each embodi- 
ment, the frame phase of the old ITI data and of the new 
AVS data is matched by adjusting the time at which new 
AVS data is recorded on the tape. In the second varia- 
5 tion of each embodiment, the frame phase of the old ITI 
data and of the new AVS data is matched by adjusting 
the speed of a capstan motor during the AVS insertion. 

Prior to describing the preferred embodiments, a 
Video Cassette Recorder (VCR) suitable for use with the 
10 invention will be described. Fig. 5 is a schematic dia- 
gram of a recording/reproducing unit of a VCR. The unit 
of Fig. 5 is suitable for use in both the NTSC and PAL 
embodiments of the invention. As can be seen from the 
figure data is written to a magnetic tape 3 through two 
*5 heads 2a and 2b which are positioned in diametric op- 
position to one another mounted on a rotary drum 1 . The 
tape is obliquely wound around the rotary drum at a wrap 
angle of about 180°. As the tape runs in the indicated 
direction, the drum rotates at a predetermined speed so 
that heads 2a and 2b trace angular tracks across the 
tape. These tracks are commonly referred to as slant 
tracks or helical tracks. In the configuration shown each 
head traces one track across the tape so that two tracks 
are formed each time the drum rotates 360°. In addition, 
the gaps of heads 2a and 2b arc disposed at different 
angles in accordance with azimuth recording tech- 
niques. The data recorded or read by head 2a will be 
referred to as channel 0 (CHO) information, while the da- 
ta recorded or read by head 2b will be referred to as 
channel 1 (CH1) information. 

The speed of the magnetic tape is controlled by a 
capstan motor 4. The capstan motor is controlled by a 
capstan driver 5 which is, in turn, controlled by a micro- 
computer 6. An example of a microcomputer suitable tor 
use with the invention is a microprocessor. The micro- 
computer also receives feedback from the capstan mo- 
tor in the form of an FG signal. The frequency of the FG 
signal is proportional to the rotational speed of the mo- 
tor. The microcomputer uses the FG signal along with a 
PF data signal and an ATF (Automatic Track Finding) 
error signal, to be explained later, to control the speed 
of the motor. 

During recording the AVS data to be recorded is 
supplied by an AVS signal processing unit 16 and is 
stored in a memory 1 3. In response to a command signal 
from the microcomputer the stored data is read from the 
memory to a channel encoder 1 4. In the channel encod- 
er the AVS data is formatted for writing to the magnetic 
tape. The data is then passed to an RF recording am- 
plifier 15 and on to terminal 8a of a switching circuit 8. 

Switching circuit 8 switches the path of the head sig- 
nals in response to a recording/reproduction control sig- 
nal (REC/PB) supplied from microcomputer 6. The 
switch is set to the 8a (or record) position when the unit 
is recording and set to the 8b (or playback) position 
when the unit is reproducing. During an AVS insertion 
the switch changes positions in mid-track. Thus, for AVS 
insertion purposes the REC/PB signal is synchronized 
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with the rotating head such that as a head passes over 
an ITI area of a track the switch is in the 8b position 
(reproduction) and white a head passes over an AVS 
area of a track the switch is in the 8a position (recording). 

Switching circuit 8 is coupled to a switching circuit 
7. Switching circuit 7 selects between heads 2a and 2b 
according to a head switching signal (HEAD SW) sup- 
plied from microcomputer 6. When head 2a is engaging 
the tape the switch is set to position 7a and head 2a is 
selected, when head 2b is engaging the tape the switch 
is in position 7b and head 2b is selected. Accordingly, 
the HEAD SW signal is synchronized with the rotary 
drum so that switch 7 changes positions for every 180° 
rotation of the drum. 

The function of switches 8 and 7 may be summed 
up as follows. When recording through head 2a the 
switch positions are 8a and 7a, respectively. When re- 
producing through head 2a the positions are 8b and 7a. 
Similarly, when recording through head 2b the switch 
positions are Sa and 7b, respectively, and when repro- 
ducing through head 2b the positions are 8b) and 7b. 

Reproduction data passing through terminal 8b is 
sent to an RF reproducing amplifier 9. During AVS in- 
sertion the reproduction data is the ITI data, and there- 
fore for purposes of this description the terms ITI data 
and reproduction data will be used interchangeably. In 
any event, the ITI data is amplified by amplifier 9 and 
passed to an RF detecting circuit 1 0 and an ATF detect- 
ing circuit 11 . In the RF detecting circuit the data under- 
goes an equalization and detection process. The equal- 
ized and detected ITI data is then passed to a channel 
decoder 12 where it is converted to a digital signal. The 
digital ITI data is passed to the microcomputer. It is not- 
ed here that the digital ITI data includes Pilot Frame (PF) 
data which is used in the first embodiment of the inven- 
tion to detect the frame phase of the data that is over- 
written in an AVS insertion. 

As mentioned above, the output of amplifier 9 is also 
passed to the ATF detecting circuit. In the ATF detecting 
circuit the ATF error is detected from the supplied ITI 
data signal. The ATF error is then passed to the micro- 
computer 6 where it is used along with the PF signal and 
FG signal to generate a speed command control signal. 
The speed command control signal, in turn, controls the 
speed of the capstan motor through the capstan driver. 

For clarity of presentation, controlling the capstan 
motor speed may be viewed as a three part procedure, 
an ATF procedure, an FG procedure, and a frame phase 
procedure. A description of the ATF procedure follows. 
Descriptions of the FG and frame phase procedures are 
provided later. 

According to the ATF procedure, for each track re- 
corded to the magnetic tape, an ATF pilot signal is in- 
cluded in the ITI area. Fig. 6 shows an example of the 
preferred relationship between tracks and ATF pilot sig- 
nals. As can be seen from the figure, three types of ATF 
pilot signals are used, F0, F1 , and F2. These signals are 
assigned to consecutive tracks according to the follow- 
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ing pattern: ... F0, F1. F0, F2, F0. F1, F0, F2 ... Thus, 
as the tracks are recorded on the tape the pilot signal 
pattern repeats every four tracks. For convenience, the 
pilot signals are identified according to their frequency 
5 content. 

Figs. 7A to 7C show the frequency content of three 
types of ATF pilot signals. As shown in Fig. 7 A, F0 de- 
notes a pilot signal having a relatively flat spectra with 
a notch centered around a frequency f 1 and a notch cen- 
10 tered around a frequency f2 (F0 may be said to denote 
the absence of a pilot signal). Fig. 7B shows that the F1 
pilot signal spectra includes a spike at frequency f 1 , and 
Fig. 7C shows that the F2 pilot signal spectra includes 
a spike at frequency f2. 
'5 The F1 and F2 pilot signals may be generated 
through 24-25 conversion. The conversion is performed 
by adding one bit to the AVS and ITI data (the AVS and 
ITI data including an error correction code), such that 
the IBG and ATF pilot signals are generated by the re- 
20 cording code train itself. By adding one bit to the data 
the two distinct ATF pilot signals are generated. 

During reproduction of a track, the head reading the 
track reads the ATF pilot signal along with the rest of the 
ITI data. As can be seen from Fig. 6, the heads trace a 
2S path wider than tho individual tracks, and therefore 
when tracing a particular track a head rides over the ad- 
jacent tracks. In this manner the head picks up the pilot 
signal of the track it intends to read as well as the pilot 
signals which are picked up from adjacent tracks (re- 
30 ferred to as crosstalk pilot signals). When the head is 
centered over the track it intends to read, the magnitude 
of the difference between the detected pilot signal for 
the intended track and the detected crosstalk pilot signal 
from an adjacent track will be equal to a predetermined 
35 value (or "target value"). By setting the ATF error equal 
to the magnitude of the difference between the detected 
pilot signal for the intended track and the detected cross- 
talk pilot signal for an adjacent track, and then compar- 
ing the ATF error to the target value, a misalignment val- 
40 ue is obtained. If the misalignment value is zero, the 
head is aligned with the intended track. The misalign- 
ment value is used in a phase servo operation that is 
performed by the microcomputer as part of the three part 
procedure for controlling the capstan motor. The effect 
45 of the phase servo operation is to drive the misalignment 
value to zero so that the head is aligned with the intend- 
ed track. 

Having described the general operalbn of the VCR 
of Fig. 5, the first embodiment of the invention will now 
so be described in detail. Figs. 8A to 8E are timing dia- 
grams useful for describing the first embodiment. Fig. 
8A illustrates the trace of two tracks, one by each head. 
Superimposed on the traces is the head switching signal 
which is set to "High" when head 2a traces a track, and 
55 is set to "Low" when head 2b traces a track. 

Fig. 8B illustrates a series of traces made by heads 
2a and 2b. The figure depicts an NTSC system, in which 
10 consecutive tracks make up a frame. The occurrence 
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of new frames is marked by the letters "g* and "h". Ac- 
cordingly, the figure depicts two incomplete frames and 
one complete frame, the complete frame being located 
between the "g" and "h" symbols. Again, the head 
switching signal is superimposed on the traces. 

As mentioned above, the ITI portion of each track 
contains the PF data for the track. The PF data for a 
particular track is either "1" or "0". AH tracks belonging 
to a frame are assigned the same PF value, and the PF 
value alternates on a frame by frame basis so that no 
two consecutive frames have the same PF value. The 
assignment of PF values is illustrated in Fig. 8C. As can 
be seen from Fig. SC in conjunction with Fig. 8B, the PF 
values of scanned tracks are read one at a time, how- 
ever they are reported to the microcomputer two at a 
time. Furthermore, the reports are delayed by one track 
time. Fig. 8D shows the PF data signal. In accordance 
with the described PF scheme, the PF data signal is high 
until it reaches point "i°, low between points V and "j" 
and high after point "j" 

In addition to keeping track of the PF value, the mi- 
crocomputer counts the leading edge occurrences of 
the head switching signal. It resets the count when a 
change in the PF value is detected (when a new frame 
is read). Referring to Fig. 8D, it can bo seen that the 
leading edge count is reset to 0 when a new frame is 
detected and is increased to 1 . 2, 3, and finally to 4 when 
the last two tracks of the frame are read. After the coun- 
ter reaches 4 the next frame is detected and the counter 
is reset to 0. In this scheme the time at which the first 
track of a frame is read is equal to the time at which the 
counter is increased to 3. Thus, when performing an 
AVS insertion, the system can detect the frame phase 
of the originally recorded data; and a new frame of re- 
corded data begins every time the count is increased to 
3. 

In order to synchronize the insertion of AVS data 
with the original recorded data, the insertion data is 
stored in memory 13 and the microcomputer sets its 
memory pointer to the address of the 0th track of the 
first insertion frame. When the counter increases to 3, 
the microcomputer sends a read address reset signal to 
the memory and writing of the insertion data to the mag- 
netic tape is begun. In this way the Oth track of the in- 
sertion is written in the location occupied by the Oth track 
of the original data. (Fig. 8E illustrates the timing of the 
insertion write operation.) That is, by beginning to write 
the insertion data lo the tape when Ihe count increases 
to three the new data frame phase is equal to the re- 
corded data frame phase. Since the writing of a new 
frame of AVS insertion data is keyed to PF value chang- 
es in the original data, the frame phases remain in synch 
oven in the presence of a deviation. 

After AVS insertion, the frame phase of the previ- 
ously recorded data serves as the new frame phase for 
the newly inserted AVS data. This follows from the na- 
ture of the insertion operation, in which the ITI portion 
of the previously recorded data is preserved while the 



AVS portion of the previously recorded data is overwrit- 
ten. Thus, the frame phase matching described above 
is necessary to insure that the proper frame phase is 
being assigned to the inserted data. If the frame phase 
5 of the inserted data and the previously recorded data 
are not properly matched, the edit will not appear at the 
correct position on the tape. For example, an editor may 
wish to add a special effect to a previously recorded 
tape. If the frame phase of the added effect and the 
io frame phase of the previous recording do not match, the 
effect will not appear at the desired position on the tape. 

A modified first embodiment will now be described 
with reference to Figs. 9A-9E, 10 and 11. As was the 
case with the unmodified first embodiment, the modified 
first embodiment is applicable to an NTSC system, and 
is therefore described in the NTSC context. Figs. 9A-9D 
illustrate how the modified first embodiment, like the un- 
modified first embodiment, reads the PF data of the orig- 
inal data, maintains a head switching signal count, and 
resets ihe count when the PF data changes. However, 
the modified embodiment does not adjust the write time 
of the insertion data to conform to the occurrence of 
frame changes in the recorded data. Rather, the tape 
speed is adjusted to conform the write time of the inser- 
tion data to tho occurrence of frame changes in the re- 
corded data. 

Fig. 9E shows an example of insertion data that is 
being written to a tape. In the example depicted in Figs. 
9A-9E. the frame phase of the insertion data is ad- 
vanced relative to the frame phase of the original data 
by two tracks. That is, the head switching count is equal 
to 2 at the point where the frame of the insertion data 
changes while the frame change of the original data al- 
ways occurs on a count of 3. The deviation between the 
new data frame phase and old data frame phase is de- 
tected by monitoring the read address reset signal. The 
next frame of insertion data begins when the signal is 
sent from the microcomputer to the memory, and the 
head switching count is noted at this time. If the noted 
count is not equal to 3 there is a frame phase deviation. 
The amount of the deviation is determined by comparing 
the noted count to the predetermined count of 3. The 
tape speed is then adjusted according to the amount of 
deviation so that the read address signal occurs when 
the head switching count is equal to 3. By adjusting the 
motor speed to correct for frame phase deviations, the 
new data frame phase and recorded data frame phase 
are matched. Once the correction is complete the tape 
is returned to its normal operational speed. As was the 
case in the unmodified first embodiment, upon comple- 
tion of the AVS insertion, the previously recorded frame 
phase serves as the new frame phase for the newly writ- 
ten data. 

The adjustment of the tape speed according to the 
detected deviation is the frame phase part of the cap- 
stan motor control procedure. As mentioned above, the 
capstan motor speed is controlled according to a three 
part procedure: an ATF procedure, an FG procedure, 
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and a frame phase procedure. The ATF and frame 
phase procedure have been described. The FG proce- 
dure will now be described and the relation between the 
three procedures also will be described. 

Fig. 10 shows schematically how the microcomput- 
er controls the capstan motor speed. As can be seen 
from the figure, control of the motor involves two primary 
operations, a capstan speed servo operation 21 and a 
capstan phase servo operation 24. The speed servo op- 
eration implements the FG part of the control procedure. 
Since the period of the FG signal is proportional to motor 
speed, this signal may be compared to a target period 
to insure that the normal operating speed of the motor 
(0 ATF error, 0 frame phase deviation) is as desired. 
Thus, assuming no ATF error and no frame phase de- 
viation, a target period may be determined from the de- 
sired motor speed. The target period is passed to a sub- 
tractor 20. The period of the FG signal - determined by 
examining the FG signal from the motor - is also passed 
to sublractor 20. The difference between the target pe- 
riod and the FG period is the motor speed error. The 
motor speed error is used by the speed servo operation 
to generate a speed correction signal that is sufficient 
to drive the motor to the desired speed, thereby com- 
pleting an FG feedback loop. 

Now, the relation between the FG procedure and 
the ATF and frame phase procedures will be described. 
In Fig. 1 0, comparison of the ATF error and a target volt- 
age (described above) is performed by a subtractor 23 
and the resulting misalignment value (or "phase error") 
is passed to the phase servo operation. The output of 
the phase servo operation is a phase correction signal 
that is sufficient for correcting misalignment between a 
head and the track it intends to trace. However, in the 
case of the modified first embodiment, any detected 
frame phase deviations must be accounted for. There- 
fore, the phase correction is passed to an adder 25 
where it is added to a frame phase correction signal. 
The frame phase correction signal is derived from the 
detected frame phase deviation and alone would be suf- 
ficient to adjust the capstan motor speed to correct for 
the detected deviation. The output of adder 25 is a 
phase and frame correction signal which is added to the 
speed correction signal by adder 22. The output of adder 
22 is a speed command that is passed the capstan driv- 
er for use in setting the motor speed. 

Fig. 1 1 is a flowchart depicting the steps taken in 
computing the frame phase correction signal. The first 
step is to check for the occurrence of the read address 
reset signal (inquiry S10). If the read address reset sig- 
nal has not been detected it is assumed that the track 
being written is not the 0th track and no frame phase 
correction is performed (frame phase correction set to 
0 in instruction S11 ). When a read address reset signal 
is detected the head switching count is checked. Inquiry 
S12 determines if the count is equal to "1 M or B 2\ If the 
count is equal to 1 or 2, it is assumed that the new data 
frame phase is advanced relative to the old data frame 
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phase and the tape is slowed to correct for the deviation. 
Accordingly, in instruction S13 the frame phase correc- 
tion signal is set to a positive fixed value that is sufficient 
to retard the tape and synchronize the phases of the new 

5 and old data. If the count is not equal to 1 or 2 when the 
read address reset signal is detected, the process is ad- 
vanced to inquire at S14 if the count is equal to "0" or 
"4". If the count is equal to 0 or 4, it is assumed that the 
new data frame phase is delayed relative to the old data 

io frame phase, and the fame phase correction signal is 
set by instruction S1 5 to a negative fixed value sufficient 
to advance the tape and synchronize the phases of the 
new and old data. If inquiry S14 determines that the 
count is not equal to 0 or 4, it is assumed that there is 

is no frame phase deviation and the frame phase correc- 
tion is set to 0 in instruction S16. 

Now, the second embodiment of the invention will 
be described. The second embodiment is compatible 
with the PAL standard. Unlike NTSC systems, PAL sys- 

20 iems do not provide for PF data in the ITI area of record- 
ed tracks. Thus, in PAL systems it is not possible to de- 
termine the start of a new frame simply by observing a 
change in PF data. However, PAL frames are made up 
of a fixed number of tracks (12) and the sequence of 

25 ATF pilot frequencies assigned to those tracks is peri- 
odic (period = 4 tracks). In the second embodiment the 
ATF pilot signals are monitored to determine when a 
new frame of original data is being read. 

Figs. 12A-12E are timing diagrams useful in de- 

30 scribing the second embodiment. Fig. I2A is analogous 
to Figs. 8A and 9A. Fig. 12B illustrates how PAL frames 
are recorded on a magnetic tape. The tracks that make 
up a PAL frame are recorded to the tape sequentially 
from the 0th track to the 11th track. In the example of 

35 Fig. 12B there is a discontinuity at the point "1", namely 
the frame situated between points "k n and "I" is incom- 
plete and includes ten tracks instead of twelve. This is 
discussed in more detail below. 

Fig. 12C shows the pilot signal frequencies as- 

40 signed to each of the tracks of Fig. 12B. In accordance 
with the previously described ATF scheme, there are 
three types of pilot signals, an F1 signal of frequency f 1 , 
an F2 signal of frequency f2, and an F0 signal having 
no distinguishable frequency content. These pilot sig- 

45 nals are assigned to the PAL tracks in the following re- 
peating sequence: ... F0, F1.F0, F2... . For a single PAL 
frame the pilot sequence is: F0, F1, F0, F2, F0, F1, F0, 
F2, F0. F1, F0. F2. 

Also shown in Fig. 12C is a timing diagram repre- 

50 senting the polarity of the ATF error signals that are gen- 
erated by each track of Fig. 12B. The ATF error polarity 
signals for an F0 track, F1 track, and F2 track are, re- 
spectively: None, -Polarity, * Polarity. Accordingly, by 
observing the polarity of the ATF error signal it may be 

55 determined if a scanned track is an F0, F1 , or F2 track. 
Furthermore, since the ATF error signal is communicat- 
ed to the microcomputer the microcomputer may readily 
discriminate between F0, F1, and F2 tracks. 
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The microcomputer uses the ATF error signal infor- 
mation along with an internal head switching counter to 
synchronize the new data frame phase with the record- 
ed data frame phase. Fig. 1 2D is representative of the 
internal head switching count maintained by the micro- 
computer. The count is increased by 1 every time the 
leading edge of the head switching signal occurs, and 
thus a frame having 1 2 tracks is represented by a count 
sequence of "0", '1 \ m 2\ "3". "4", "5". During AVS inser- 
tion a count of "0" causes the microcomputer to send a 
read address reset signal to the memory. In response 
to the reset signal the memory begins writing the 0th 
track of the insert data to the tape. A count of "0" is also 
the microcomputer's cue to check the most recently read 
ATF error polarity. If at the time of a "0" count the most 
recently read pilot signal is an F2 signal, it is assumed 
that no frame phase deviation has occurred (given the 
pilot signal sequence for a PAL frame) and the count is 
allowed to continue uninterrupted. If, on the other hand, 
at the time of a "0" count, the most recently read pilot 
signal is not an F2 signal, it is assumed that a frame 
phase deviation has occurred and the count is held at 
"0" until the next F2 pilot signal occurs. 

Fig. 12E illustrates the timing of the insertion write 
operation when a discontinuity exists in the original data. 
At the point denoted by "m" the insertion of a frame of 
new data is begun. The insertion of the frame is com- 
pleted at point "n", at which time the count is reset to "0" 
and insertion of the next frame of new data is begun. 
However, a check of the ATF polarity at point "n" indi- 
cates that the most recently read pilot signal is not an 
F2 signal. Therefore, the "0" count is held until the next 
occurrence of an F2 pilot signal is detected, at which 
time insertion of the next frame of new data is begun a 
new. In this manner the new data frame phase is 
matched to the recorded data frame phase. As was the 
case in the prior described embodiments, following the 
AVS insertion, the previously recorded frame phase 
serves as the new frame phase for the newly written da- 
ta. 

A modified second embodiment will now be de- 
scribed with reference to Figs. 1 3A-1 3D and 14. As was 
the case with the unmodified second embodiment, the 
modified second embodiment is applicable to a PAL sys- 
tem, and is therefore described in the PAL context. Figs. 
13A-13C illustrate how the modified second embodi- 
ment is similar to the unmodified second embodiment, 
in that the ATF pilot signals of the original data are as- 
signed in a periodic fashion, resulting in a periodic ATF 
pilot polarity. However, in the modified second embodi- 
ment, rather than adjusting the write time of the insertion 
data to conform to the ATF signal period, the tape speed 
is adjusted so that the ATF signal period of the original 
data conforms to the write time of the insertion data. 

In the modified second embodiment the cue for 
checking the ATF polarity signal is the read address re- 
set signal. Each time the writing of a new frame of in- 
sertion data begins a read address reset signal is gen- 



erated and the ATF polarity signal is checked to deter- 
mine the type of the most recently read ATF signal. If 
the detected ATF signal is an F2 signal it is assumed 
that the trame phase ot tne insertion data and the frame 
s phase of the original data match. If the detected ATF 
signal is not an F2 signal it is assumed that the frame 
phase of the insertion data and the frame phase of the 
original data do not match, and a frame phase correction 
is undertaken. 

10 Fig. 1 3D in conjunction with Fig. 1 3C illustrate frame 
phase mismatch. As can be seen from the figures, a 
read address reset signal occurs at point V during the 
writing of the insertion data. Upon the occurrence of this 
reset signal the polarity of the most recently read ATF 

is pilot error signal is checked and the ATF signal is found 
to be other than F2, necessitating a frame phase cor- 
rection. The frame phase correction process involves 
generating a frame phase correction signal which may 
be substituted in Fig. 10 for the frame phase correction 

20 signal computed according to the modified first embod- 
iment. The resulting control algorithm may then be used 
to control the capstan motor according to the second 
embodiment. 

Fig. 14 is a flowchart depicting the steps taken in 

25 computing the frame phase correction signal according 
to the modified second embodiment. Initially, inquiry 

520 checks if a read address reset signal has been sent 
from the microcomputer to the memory. If the read ad- 
dress reset signal has not been detected it is assumed 

30 that the track being written is not the 0th track and no 
frame phase correction is performed. Hence, instruction 

521 sets the frame phase correction to 0. When a read 
address reset signal is detected the most recently read 
ATF pilot error signal is checked and a determination is 

35 made at inquiry S22 as to whether the most recently 
read ATF signal is an F2 signal. If the detected ATF sig- 
nal is an F2 signal it is assumed that there is no frame 
phase deviation between the new and old data : and in- 
struction S24 sets the frame phase correction to 0. If the 

40 detected ATF signal is not an F2 signal it is assumed 
that the frame phase of the insertion data and the frame 
phase of the original data do not match, and the frame 
phase correction is set to a predetermined positive fixed 
value by instruction S23. When this positive fixed value 

^s is applied in the control algorithm of Fig. 10 it will have 
the effect of adjusting the tape speed so as to change 
the relative frame phase relationship between the new 
data and old data. Successive corrections of this type 
may be required before the new data frame phase and 

so recorded data frame phase are synchronized. As was 
the case in the prior described embodiments, following 
the AVS insertion, the previously recorded frame phase 
serves as tho new frame phase for the newly written da- 
ta. 

ss While the present invention has been particularly 
shown and described in conjunction with preferred em- 
bodiments thereof, it will be readily appreciated by those 
of ordinary skill in the art that various changes may be 
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made without departing from the scope of the inven- 
tion. For example, in the above described embodi- 
ments, rather then perform a frame phase correction 
when a frame phase deviation is detected, the AVS in- 
sertion may be forcedly stopped. Additionally, the AVS s 
insertion may be forcedly stopped in the absence of a 
detected ITI background signal and/or ATF error signal. 

Moreover, while particular circuits and algorithms 
have been described as performing various operations, 
the present invention is not limited solely thereto and io 
other types of circuits, algorithms and/or types of signals 
may be used. 

Therefore, it is intended that the appended claims 
be interpreted as including the embodiments described 
herein, the alternatives mentioned above, and all equiv- 15 
alents thereto. 
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Claims 

1 . Apparatus for reading frames of data from and re- 
cording frames of data onto multiple slant tracks of 
a tape, each recorded frame including a multiple of 
recorded tracks, said apparatus comprising: 

means for selectively reading previously re- 
corded data, and for selectively writing new 
frames of data onto said tape, each new frame 
including a multiple of new tracks; and 
means for recording said new data frames onto 30 
said tape at a location having previously record- 
ed data thereon, and including: 
means for determining a recorded data frame 
phase for each of said recorded tracks on said 
tape, said recorded data frame phase indtcat- 35 
ing a longitudinal position of said recorded 
tracks on said tape and serving to determine a 
point on said tape where a recorded frame be- 
gins; 

means for determining a new data frame phase 40 
for each of said new tracks, said new data 
frame phase indicating a longitudinal position 
of said new tracks upon recording onto said 
tape and serving to determine a point where 
said new frame begins; and 45 
means for writing said new frame to said tape 
at said point on said tape where said recorded 
frame begins, said writing beginning at said 
point where said new frame begins; thereby al- 
lowing said recorded data frame phase to re- 50 
main on said tape and to serve as said new data 
frame phase after said new data frame has 
been recorded onto said tape. 

2. The apparatus according to claim 1 , wherein said 55 
means for determining a recorded data frame phase 
comprises: 



means for reading a Pilot Frame (PF) data sig- 
nal for each ol said recorded data frames, said 
PF data signals being included in said previous- 
ly recorded data and changing on a frame by 
frame basis; and 

means for comparing said PF data signals for 
consecutively read recorded data frames, a 
change in values of said compared PF data sig- 
nals indicating the beginning of a new frame of 
recorded data. 

The apparatus according to claim 2, wherein said 
means for writing comprises: 

counter means having a count that is increased 
in response to the reading of said recorded 
tracks from said tape; 

means tor writing said new frame to said tape 
when the count of said counter means reaches 
a predetermined value; and 
means for resetting said counter means in re- 
sponse to said change in said compared PF da- 
ta signals. 

The apparatus according to claim 1 , wherein said 
means for determining a recorded data frame phase 
comprises: 

counter means having a count that is increased 
in response to the reading of said recorded 
tracks from said tape; 

means for determining an Automatic Track 
Finding (ATF) error polarity signal for each of 
said recorded tracks, each of said ATF error po- 
larity signals having one of a plurality of prede- 
termined values; wherein said ATF polarity sig- 
nal values alternate periodically on a track by 
track basis; and 

means for comparing said ATF error polarity 
signal to a predetermined desired polarity sig- 
nal when the count of said counter means 
reaches a predetermined value, a match be- 
tween said ATF error polarity signal and said 
predetermined desired polarity signal indicat- 
ing the beginning of a new frame of recorded 
data. 

Apparatus for reading frames of data from and re- 
cording frames of data onto multiple slant tracks of 
a tape, each recorded frame including a multiple of 
recorded tracks, said apparatus comprising: 

means for selectively reading previously re- 
corded data, and for selectively writing new 
frames of data onto said tape, each new frame 
including a multiple of new tracks; and 
means for recording said new data frames onto 
said tape at a location having previously record- 
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ed data thereon, and including: 
means for determining a recorded data frame 
phase for each of said recorded tracks of pre- 
viously recorded data on said tape, said record- 
ed data frame phase indicating a longitudinal s 
position of said recorded tracks on said tape 
and serving to determine a point on said tape 
where a recorded frame begins; 
means for determining a new data frame phase 
for each of said new tracks, said new data 10 
frame phase indicating a longitudinal position 
of said new tracks upon recording onto said 
tape and serving to determine a point where 
said new frame begins; 

means for detecting a frame phase difference *s 
between said recorded data frame phase and 
said new data frame phase; and 
means for adjusting the recording of said new 
data frame so that said new data frame phase 
matches said recorded data frame phase; 20 
thereby allowing said recorded data frame 
phase to remain on said tape and to serve as 
said new data frame phase after said new data 
frame has been recorded onto said tape. 

25 

The apparatus according to claim 5, wherein said 
means for determining a recorded data frame phase 
comprises: 

means for reading a Pilot Frame (PF) data sig- 30 
nal for each of said recorded data frames, said 
PF data signals being included in said previous- 
ly recorded data and changing on a frame by 
frame basis; and 

means for comparing said PF data signals for 35 
consecutively read recorded data frames, a 
change in values of said compared PF data sig- 
nals indicating the beginning of a new frame of 
recorded data. 

40 

The apparatus according to claim 5, wherein said 
means for determining a recorded data frame phase 
comprises: 

counter means having a count that is increased 45 
in response to the reading of said recorded 
tracks from said tape; 

means for determining an Automatic Track 
Finding (ATF) error polarity signal for each of 
said recorded tracks, each of said ATF error po- so 
larity signals having one of a plurality of prede- 
termined values; wherein said ATF polarity sig- 
nal values alternate periodically on a track by 
track basis; and 

means for comparing said ATF error polarity ss 
signal to a predetermined desired polarity sig- 
nal when the count of said counter means 
reaches a predetermined value, a match be- 



tween said ATF error polarity signal and said 
predetermined desired polarity signal indicat- 
ing the beginning of a new frame of recorded 
data. 

8. The apparatus according to claim 5, wherein said 
means for determining a new data frame phase 
comprises means for generating a read address re- 
set signal when the first track of a new data frame 
is to be written to said tape. 

9. The apparatus according to claim 8, wherein said 
means for determining a recorded data frame phase 
comprises: 

means for reading a Pilot Frame (PF) data sig- 
nal for each of said recorded data frames, said 
PF data signals being included in said previous- 
ly recorded data and changing on a frame by 
frame basis; and 

means for comparing said PF data signals for 
consecutively read recorded data frames, a 
change in values of said compared PF data sig- 
nals indicating the beginning of a new frame of 
recorded data. 

10. The apparatus according to claim 9, wherein said 
means for adjusting comprises means for control- 
ling the speed of said tape so that said generation 
of said read address reset signal and said change 
in said PF data signal values coincide. 

11. The apparatus according to claim 8, wherein said 
means for determining a recorded data frame phase 
comprises: 

means for determining an Automatic Track 
Finding (ATF) error polarity signal for each of 
said recorded tracks, each of said ATF error po- 
larity signals having one of a plurality of prede- 
termined values; wherein said ATF polarity sig- 
nal values alternate periodically on a track by 
track basis: and 

means for comparing said ATF error polarity 
signal to a predetermined desired polarity sig- 
nal when the count of said counter means 
reaches a predetermined value, a match be- 
tween said ATF error polarity signal and said 
predetermined desired polarity signal indicat- 
ing the beginning of a new frame of recorded 
data. 

12. The apparatus according to claim 11 , wherein said 
means for adjusting comprises means for control- 
ling the tape speed so that said generation of said 
read address reset signal and said match coincide. 

13. The apparatus according to claim 5, wherein when 
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said frame phase difference is detected said record- 
ing of said new data frames onto said tape is 
stopped. 

14. A method for reading frames of data from and re- 
cording frames of data onto multiple slant tracks of 
a tape, each recorded frame including a multiple of 
recorded tracks, said method comprising the steps 
of: 

selectively reading previously recorded data, 
and selectively writing new frames of data onto 
said tape, each new frame including a multiple 
of new tracks; and 

recording said new data frames onto said tape 
at a location having previously recorded data 
thereon; wherein said recording includes the 
steps of: 

determining a recorded data frame phase tor 
each of said recorded tracks on said tape, said 
recorded data frame phase indicating a longi- 
tudinal position of said recorded tracks on said 
tape and serving to determine a point on said 
tape where a recorded frame begins; 
determining a new data frame phase for each 
of said new tracks, said new data frame phase 
indicating a longitudinal position of said new 
tracks upon recording onto said tape and serv- 
ing to determine a point where said new frame 
begins; and 

writing said new frame to said tape at said point 
on said tape where said recorded frame begins, 
said writing beginning at said point where said 
new frame begins; thereby allowing said re- 
corded data frame phase to remain on said tape 
and to serve as said newdata frame phase after 
said new data frame has been recorded onto 
said tape. 

15. The method according to claim 14, wherein said 
step of determining a recorded data frame phase 
comprises the steps of : 

reading a Pilot Frame (PF) data signal for each 
of said recorded data frames, said PF data sig- 
nals being included in said previously recorded 
data and changing on a frame by frame basis; 
and 

comparing said PF data signals for consecu- 
tively read recorded data frames, a change in 
values of said compared PF data signals indi- 
cating the beginning of a new frame of recorded 
data. 

16. The method according to claim 15, wherein said 
step of writing comprises the steps of: 

incrementing a counter in response to the read- 
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ing of said recorded tracks from said tape; 
writing said new frame to said tape when said 
counter reaches a predetermined value: and 
resetting said counter in response to said 
change in said PF data signals. 

17. The method according to claim 14, wherein the step 
of determining a recorded data frame phase com- 
prises the steps of: 

incrementing a counter in response to the read- 
ing of said recorded tracks from said tape: 
determining an Automatic Track Finding (ATF) 
error polarity signal for each of said recorded 
tracks, each of said ATF error polarity signals 
having one of a plurality of predetermined val- 
ues; wherein said ATF polarity signal values al- 
ternate periodically on a track by track basis; 
and 

comparing said ATF error polarity signal to a 
predetermined desired polarity signal when the 
count of said counter means reaches a prede- 
termined value, a match between said ATF er- 
ror polarity signal and said predetermined de- 
sired polarity signal indicating the beginning of 
a new frame of recorded data. 

18. A method for reading frames of data from and re- 
cording frames of data onto multiple slant tracks of 
a tape, each recorded frame including a multiple of 
recorded tracks, said method comprising the steps 
of: 



selectively reading previously recorded data, 
35 and selectively writing new frames of data onto 

said tape, each new frame including a multiple 
of new tracks; and 

recording said new data frames onto said tape 
at a location having previously recorded data 
thereon; wherein said recording includes the 
steps of: 

determining a recorded data frame phase for 
each of said recorded tracks of previously re- 
corded data on said tape, said recorded data 
frame phase indicating a longitudinal position 
of said recorded tracks on said tape and serving 
to determine a point on said tape where a re- 
corded frame begins; 

determining a new data frame phase for each 
of said new tracks, said new data frame phase 
indicating a longitudinal position ot said new 
tracks upon recording onto said tape and serv- 
ing to determine a point where said new frame 
begins; 

55 detecting a frame phase difference between 

said recorded data frame phase and said new 
data frame phase; and 

adjusting the recording of said new data frame 
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so that said new data frame phase matches 
said recorded data frame phase; thereby allow- 
ing said recorded data frame phase to remain 
on said tape and to serve as said new data 
frame phase after said new data frame has s 
been recorded onto said tape. 

19. The method according to claim 18, wherein said 
step of determining a recorded data frame phase 
comprises the steps of: io 



reading a Pilot Frame (PF) data signal for each 
of said recorded data frames, said PF data sig- 
nals being included in said previously recorded 
data and changing on a frame by frame basis; 
and 

comparing said PF data signals for consecu- 
tively read recorded data frames, a change in 
values of said compared PF data signals indi- 
cating the beginning of a new frame of recorded 
data. 



23. 



comparing said PF data signals for consecu- 
tively read recorded data frames, a change in 
values of said compared PF data signals indi- 
cating the beginning of a new frame of recorded 
data. 

The method according to claim 22, wherein said 
step of adjusting includes the step of controlling the 
speed of said tape so that said generation of said 
read address reset signal and said change in said 
PF data signal values coincide. 
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20. The method according to claim 18, wherein said 
step of determining a recorded data frame phase 
comprises the steps of: 2S 

incrementing a counter that in response to the 
reading of said recorded tracks from said tape; 
determining an Automatic Track Finding (ATF) 
error polarity signal for each of said recorded 30 
tracks, each of said ATF error polarity signals 
having one of a plurality of predetermined val- 
ues; wherein said ATF polarity signal values al- 
ternate periodically on a track by track basis; 
and 35 
comparing said ATF error polarity signal to a 
predetermined desired polarity signal when the 
count of said counter means reaches a prede- 
termined value, a match between said ATF er- 
ror polarity signal and said predetermined de- 40 
sired polarity signal indicating the beginning of 
a new frame of recorded data. 



24. The method according to claim 21, wherein said 
step of determining a recorded data frame phase 
'5 comprises the steps of: 



determining an Automatic Track Finding (ATF) 
error polarity signal for each of said recorded 
tracks, each of said ATF error polarity signals 
having one of a plurality of predetermined val- 
ues; wherein said ATF polarity signal values al- 
ternate periodically on a track by track basis; 
and 

comparing said ATF error polarity signal to a 
predetermined desired polarity signal when the 
count of said counter means reaches a prede- 
termined value, a match between said ATF er- 
ror polarity signal and said predetermined de- 
sired polarity signal indicating the beginning of 
a new frame of recorded data. 



25. The method according to claim 24, wherein said 
step of adjusting includes the step of controlling the 
tape speed so that said generation of said read ad- 
dress reset signal and said match coincide. 

26. The method according to claim 18: wherein when 
said frame phase difference is detected the step of 
stopping said recording of said new data frames on- 
to said tape is substituted for the step of adjusting. 



21. The method according to claim 18, wherein said 
step ol determining a new data frame phase in- 
eludes the step of generating a read address reset 
signal when the first track of a new data frame is to 
be written to said tape. 

22. The method according to claim 21, wherein said so 
step of determining a recorded data frame phase 
comprises the steps of: 

reading a Pilot Frame (PF) data signal for each 
of said recorded data frames, said PF data sig- ss 
nals being included in said previously recorded 
data and changing on a frame by frame basis; 
and 
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